regioselectively to the glucosyl moiety at the 19-carboxyl group of these steviol glycosides by /J-2,6-linkage.
Evaluation of the sweetness of these fructosylated derivatives, in comparison with starting materials, found a great improvement in the quality of taste. Especially, the quality of taste of fructosyl-stevioside was superior to that of rebaudioside A, which is the best sweet principle in natural steviol glycosides in the intensity of sweetness as well as quality of the taste, being comparable to that of aspartame.
Stevioside and rubusoside are sweet steviol glycosides isolated from the leaves of Stevia rebaudiana Bertoni (Compositae) and Rubus suavissimus S. Lee (Rosaceae, growing in South China), respectively. These glycosides, stevioside and rubusoside, were about 143-and 114-fold, respectively, as sweet as sucrose at a concentration of 0.025%. These glycosides, however, have a slightly bitter taste and aftertaste.
Darise et al.X) and Fukunaga et al.2) have synthesized various rubusoside and stevioside derivatives, respectively, by transglycosylation of cyclomaltodextrin glucanotransferase (CGTase) and studied the structure-sweetness relationship. Evaluation of the sweetness of these derivatives in comparison with the respective starting materials disclosed that both the intensity and the quality of sweetness were greatly improved by the transglycosylation of the glucosyl residue at the 13-hydroxyl group, while a changefor the worsewas observed with transglycosylation to the glucosyl residue at the 19-carboxyl group, in both the intensity and 3137 quality of the sweetness.
It is known that glucose is an efficient acceptor for the intermolecular transglycosylation ofCGTase, but galactose is not an efficient acceptor.3) In our previous work, we synthesized rubusoside derivatives through transgalactosylation on the C4-hydroxyl group of the glucosyl residue at the 19-position of rubuso- Methylation analysis. To a solution ofR-fand S-f(10 mg) in anhydrous dimethylsulfoxide (DMSO) (0.5ml), was added 2m dimsyl sodium in DMSO (0.5ml), and the mixture was sonicated for 1 hr. To this mixture was added methyl iodide (0.3ml), and the mixture was further sonicated for 1hr. The mixture was diluted with H2O (10ml) and extracted with chloroform. The chloroform layer wasconcentrated to dryness and a solution of the residue in 90% formic acid (2ml) was heated on a boiling water bath for 1 hr and then concentrated to dryness. The residue was further hydrolyzed by heating with 1 n sulfuric acid (2ml) on a boiling water bath for 4hr. The reaction mixture was neutralized with barium carbonate and filtered. The filtrate was concentrated to dryness and the solution of the residue and sodium borohydride (25mg) in 50%methanol (2ml) was left at room temperature for 2hr. After treatment with Dowex 50W(H+ form), the mixture (pH 3.5) was concentrated to dryness. The residue was acetylated by treatment with acetic anhydride (0.5 ml) and anhydrous pyridine (0.5ml) at 100°C for 1 hr. human sensory panels. All samples were dissolved in water to makeappropriate concentrations which corresponded to 3-6% (w/v) sucrose solutions in the intensity of sweetness, and standard sucrose solutions were prepared at graduated concentrations from 3 to 6% (w/v) with intervals of 0.5% (w/v). The panelists were asked to taste a sucrose solution and estimate its total taste intensity relative to that of the sample solutions. Panelists tested several times for each sample. The relative sweetness to sucrose was calculated according to the following formula. 
Isolation of transfructosylated products
After being heated at 100°C for lOmin to stop the enzymeaction, the reaction mixture was centrifuged at 10,000 rpm for 20 min. Then the supernatant solution was put on a column rubusoside (54mg) anf R-f (1 15mg).
Structural elucidation of S-f and R-f
Assignment of carbon signals due to the sugar moieties of S-f and R-f were established by the "C-1!! COSY spectra coupled with the 1H-1H COSY spectra and summarized in Table I [Amount of R-f ( Effects of acceptor concentrations on the formation of S-f and R-f To investigate the effects of stevioside and rubusoside concentrations on S-f and R-f formation, respectively, /?-fructofuranosidase (0.6 units) was incubated with 2.0m sucrose (400ji\) in the presence of various concentrations of stevioside and rubusoside at 40°C, pH 6.5. After 0.5, 1.0, 3.0 and 20hr, the amounts of S-f and R-fproduced in the reaction mixture were measured by HPLC. As shown in Table   II 
Sensory evaluation
The results of sensory evaluation are listed in Table III . The improvement of the intensity of sweetness was observed for R-f, though was not for S-f. The quality of the taste, bitterness, aftertaste, and deliciousness was greatly improved for S-f. This was comparable to that of aspartame and muchsuperior to that of rebaudioside-A, which is the best sweet principle of natural steviol sweeteners in the intensity of sweetness and quality of the taste. R-f was improved in the quality of taste but was not as good as stevioside in bitterness and aftertaste.
Discussion
In this structural study on glycosides having a fructosyl unit, someunexpected phenomena were encountered. It is knownthat in alkaline observed also for arabinofuranosylation. 18'19) However, it was found in this study that upon the glycosylation with fructose, no chemical shift displacement was observed for the signal due to the fructosylated C-6 carbon of the 19-jS-glucosyl moiety (Table I) . It should be noted that the down field shift of a glycosylated carbon signal does not occur in glycosylation with ketoses, which have no proton on an anomeric carbon.
